
Europdisches Patentamt 7 
European Patent Office 
Office europ6en des brevets 




(TT) Publication number : 0 581 547 A1 
EUROPEAN PATENT APPLICATION 



(§) Application number : 93305849.7 
(S) Date of filing : 23.07.93 



© Int. CI. 5 : C30B 29/52, B22D 27/00, 
C22F 1/00, B64C 3/00, 
F01D5/00 



@) Priority: 30.07.92 US 922447 

© Date of publication of application : 
02.02.94 Bulletin 94/05 

@) Designated Contracting States : 
DE FR GB IT 

© Applicant : GENERAL ELECTRIC COMPANY 
1 River Road 

Schenectady, NY 12345 (US) 



(72) Inventor : Cordenman, Reed Roeder 
560 Cody Pass 
Wyoming, Ohio 45215 (US) 
Inventor : McAllister, Kevin Gregory 
100 Westwood Drive 
Fairfield, Ohio 45014 (US) 

@ Representative : Pratt, Richard Wilson et al 
London Patent Operation G.E. Technical 
Services Co. Inc. Essex House 12/13 Essex 
Street 

London WC2R 3AA (GB) 



< 

3 



00 



(g) Method for providing an extension on an end of an article and extended article. 

(57) An extension is provided on an end of an 
article having a directionally oriented micros- 
tructure by using the article end as a growth 
seed in a molten material compatible with ma- 
terial from which the article end is made. The 
extension is directionally solidified as integral 
with and as an extension of the article end and 
with a microstructure compatible with that of 
the article end. 




FIG. 1 



CL 
UJ 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP 0 581 547 A1 



CROSS REFERENCES TO RELATED 
APPLICATIONS 

The foil wing application is directed to related 
subject matter and is being concurrently filed with th 
pres ent a pplication, the di scl osur e of which is being 
incorporated by reference : Europ an Patent Appl i ra- 
tion (US Serial No. 
07/922,303) (Attorney Docket No. 13DV-11521). 

BACKGROUND OF THE INVENTION 

This invention relates to growing an extension on 
an end of an article having a directionally oriented mi- 
crostructure, and, more particularly, to such a meth- 
od in which the end is used as a growth seed for the 
extension and article extended thereby. 

The reported technology for growing directionally 
oriented structures, including single crystals, from a 
molten bath of a selected material has evolved from 
simple shapes and members to complex shaped ar- 
ticles. A portion of such technology includes the gen- 
eration in a complex shaped mold of directionally sol- 
idified or single crystal alloy articles for use in the hot 
sections of gas turbine engines. The published litera- 
ture well known to those skilled in such art has many 
examples of articles such as turbine blades and 
vanes provided in such a manner. 

When an article, for example a turbo machinery or 
gas turbine engine blading member, is operated in an 
environment of airborne particles and particularly in 
the strenuous high temperature oxidizing and/or cor- 
rosive conditions experienced in the turbine section of 
a gas turbine engine, oxidation, hot corrosion, ero- 
sion, wear, low-cycle fatigue cracking and other dam- 
age can occur to such an article. Because the manu- 
facture of such article is expensive, it is desirable eco- 
nomically to repair rather than to replace the article. 

An example of a complex shaped blading mem- 
ber of the type referred to above is the turbomachi- 
nery blade described in U.S. Patent 4,010,531 - An- 
dersen et al., patented March 8, 1977 and assigned 
to the assignee of this invention. Such a blade in- 
cludes a complex hollow interior communicating with 
an open tip for cooling purposes. The disclosure of 
such patent is hereby incorporated herein by refer- 
ence. 

Through the use of the above referred to report- 
ed technology, an article such as a blading member 
can be manufactured as a single crystal or with a di- 
rectionally solidified microstructure of elongated 
grains. The combination of casting mold technology ~ 
and casting procedures enables such manufacture. 
As used herein for simplicity, the term "directionally 
oriented" is intended to include directionally solidified 
elongated grained structures as well as single crystal 
structures, the crystal orientation or growth directi n 
of which is maintained in a selected direction. As is 



well known in the art f blading members, the char- 
acteristic crystal orientation in nickel-base superal- 
loys frequently used for blading members is that th 
<001> crystallographic direction lies substantially 
parallel to the growth direction; design rs of such 
blading members can utiliz that characteristic crys-. 



tal~orientation to minimize the elastic modulus, and 
therefore reduce the likelihood of mechanical failure 
due to a mechanism such as thermal fatigue, along a 
10 specified direction relative to the configuration of an 
article such as a blading member. 

When such a complex shaped article having a di- 
rectionally oriented microstructure is damaged, either 
in operation or in a portion of its manufacturing pro- 
fs cedure, the problem of its repair becomes more com- 
plicated and difficult. This problem of repair becomes 
particularly acute when a directionally oriented struc- 
ture is intended to be maintained in the repaired por- 
tion, as is typically desired in directionally oriented ar- 
20 tides such as airfoils, for example, blading members. 

SUMMARY OF THE INVENTION 

The present invention, in one form, describes a 

25 method for providing an extension on an end of an ar- 
ticle, having a directionally oriented microstructure, 
from a molten material. The extension is grown using 
the end of the article as a directionally oriented micro- 
structure growth seed for the molten material which 

30 is compatible with the article-seed structure. In one 
form of the present invention, the extension is grown 
by providing a shaping member, for example, a die 
having a die opening, communicating with the molten 
material. Fluid pressure applied to the molten material 

35 forces it into the die opening where it is contacted by 
the article-seed for a time sufficient for the seed to in- 
teract with the molten material, for example, melting 
back a portion of the seed or enabling interdiffusion 
to occur. Then the article end, acting as the growth 

40 seed, is withdrawn through the die opening at a rate 
which allows the molten material to directionally soli- 
dify on the growth seed as an extension of and inte- 
gral with the article end. Also, it has a directionally ori- 
ented microstructure compatible with the article's di- 

45 rectionaily oriented microstructure. 

In another form, the die includes a hollow die ex- 
tension which is in communication with the molten 
material. The article end is held in the die extension 
for contact with the molten material forced therein. 

so In yet another form, the present invention pro- 

. vides an article comprising a body portion having a di- 
rectionally oriented body or first crystal structure and 
a metallurgical structure and an extension integral 
with an end of the body portion through the use of a 

55 sacrificial addition secured to the end of the article 
- prior to forming the extension. The xtension has a di- 
rectionally orient d crystal structure compatible with 
and extending continuous with the body portion crys- 



2 



EP 0 581 547 A1 



tal structure. In addition, the extension has a metal- 
lurgical structure compatible with and metallurgically 
distinguishable from the body's metallurgical struc- 
ture. 

BRIEF DESCRIPTION OF THE DRAWINGS 



(primary alpha and/or secondary beta orientations) 
have been used. They constitute starter means for 
solidification of an articl having th selected crystal 
orientation. 

Heretofore, the joining of comp nents of single 
crystal or directional ly solidified elongated grain arth 



Figure 1 is a sectional view of apparatus adapted 
to practice the method of the present invention. 

Figure 2 is a fragmentary, partially sectional view 10 
taken along line 2 2 of Figure 1 , illustrating the cross- 
section of a shaping die of an airfoil shape. 

Figure 3 is a diagrammatic presentation of an air 
cooled gas turbine engine turbine blade. 

Figure 4 is a fragmentary diagrammatic view of a 15 
repaired airfoil, shown with an extension and multiple 
elongated grains. 

Figure 5 is a fragmentary view of the blade tip 
portion of an air cooled gas turbine engine blade. 

Figure 6 is a fragmentary section view of a portion 20 
of the blade tip in Figure 5, along line 6-6. 

Figure 7 is a fragmentary sectional view of a por- 
tion of the blade tip in Figure 6, including a sacrificial 
addition. 

Figures 8, 9 and 10 are diagrammatic sectional 25 
views of the sequence of the practice of the method 
of the present invention on a hollow article. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
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In the art of casting, fluid pressure, such as an in- 
ert gas or air, has been applied within a closed con- 
tainer to a molten material, such as a metal, to force 
the molten material upwardly through a tube. A patent 35 
which discloses one such method and associated ap- 
paratus is U.S. 3,302,252-Woodburn, Jr., patented 
February 7, 1967, relating to continuous casting of an 
article upwardly through a pouring tube into a cooled 
mold. The cast article is continuously withdrawn from 40 
the mold. 

Another portion of the casting art sometimes is N 
referred to as the EFG (Edge-defined, Film-fed 
Growth) process. In that process, no external pres- 
sure is applied to a liquid material, but capillary action 45 
within a narrow forming tube or die is relied upon to 
draw the liquid material upwardly for solidification. 
Frequently a seed crystal is introduced into the liquid 
to initiate crystal growth. Typical patents which dis- 
close features of this kind of process include U.S. so 
3,471 ,266-La Belle, Jr., patented October 7, 1969; 
U.S. 4,120,742-Asano et al., patented October 17, 
1978; and U.S. 4, 937, 053- Harvey, patented June 26, 
1990. 

In some of the above referenced patents and 55 
els wher in the casting art relating to th formation 
of directionally solidified or single crystal articles, 
seed crystals having selected crystal orientations 



^lesTir^ucling"hjrbomachinery airfoilsThas generally 
involved the use of separately cast members of se- 
lected crystal orientation. Such members are assem- 
bled and bonded into an article across an interface 
between the members. U.S. Patents 3,967,355 and 
4,033,792 - Giamei et al. are typical of patents relating 
to this type of bonding; they include showing an at- 
tempt to match crystal structures across the bond in- 
terface. 

The method of the present invention provides a 
new combination of steps which casts or grows an ex- 
tension directly on an end of an existing article to en- 
able repair. Through use of the article itself as the 
seed or starter means, the extension is provided with 
a crystal microstructure including orientation, match- 
ed with and continuous with that of the article. In ad- 
dition, in one form, the extension has a metallurgical 
structure generally distinguishable from the metal- 
lurgical structure of the article end or body, from 
which the extension is grown. As used herein, th 
term "crystal structure" is intended to mean the over- 
all crystal form such as a single crystal, multiple elon- 
gated grains, etc. and the directional orientations 
thereof. The term "metallurgical structure" herein is 
intended to include such characteristics as overall 
chemical or alloy composition, and the size, shape, 
spacing and composition of precipitates, phases, in- 
clusions, dendrites, etc. within the crystal structure. 
For example, Ni-base superalloys generally include 
gamma prime precipitates, spaced dendrite arms and 
various other distinguishable phases. The crystal 
structure and metallurgical structure can be deter- 
mined and identified by a variety of known and widely 
used techniques including chemical or spectrograph- 
ic analysis and various x-ray and photomicrographs 
methods. The term "microstructure" herein includes 
the terms crystal structure and metallurgical struc- 
ture. 

This method eliminates the need to provide a 
separate member as an article extension, to match 
the extension member crystal orientation with the ar- 
ticle to be repaired, and then to bond the extension 
in the proper orientation to a portion of the article as 
shown in the above identified Patents 3,967,355 and 
4,033,792. The method of this invention accomplish- 
es ail such steps in one operation, providing the ex- 
tension integral and oriented with the article. As will 
be discussed in detail below, the present invention is 
particularly useful in providing an extension on an ar- 
ticle having a hollow interior and openings or passag- 
es communicating through an end of the article with 
the hollow interior. 
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One form of th method of the present invention 
allows u£e of a sacrificial addition on an end of the ar- 
ticle to be repaired to minimize interaction, such as 
melt back, of the articl end with a molten material 
from which the article extension is grown. Further- 
more, because the damaged article end in the pres-^ 
eTitinventiernmera molten mate^ 

rial, such as in melt bade, the need to pretreat or pre- 
shape or remove substantial material from the end 
can be substantially reduced or eliminated 

During evaluation of the present invention, appa- 
ratus of the type shown in Figure 1 was used. Asealed 
molybdenum canister 10, in this example of circular 
cross section, is provided with a resistance heater 12 
of graphite. Within canister 1 0 is an alumina melt cru- 
cible 14. Through the top of canister 10 is a shaping 
member or die assembly shown generally at 16, in 
this embodiment including a shaping die 18 and a die 
extension 20. The die and the extension each have an 
inner wall, 22 and 24, respectively, defining hollow in- 
teriors thereof and die and die extension or shaping 
openings for receiving a molten material 26 from melt 
crucible 14. The die and die extension are made of an 
alumina, commonly used in the high temperature 
casting art and have cross sectional shapes matched 
with, but not necessarily identical to, the cross sec- 
tional shape of the article to be treated. Surrounding 
die assembly 16 is a molybdenum heater 28 to assist 
in control of the condition of the molten material 26 as 
it moves and solidifies within the hollow interior of die 
18. 

In order to pressurize the sealed interior 30 of 
canister 10, a fluid pressure inlet tube 32, connected 
to a source of fluid pressure (not shown), such as ar- 
gon, is disposed through a wall of the canister. Sens- 
ing the pressure within the canister interior is a pres- 
sure gage 34, which can provide pressure data to a 
pressure control (not shown) for the source of fluid 
pressure, to maintain pressure at a desired, preselect- 
ed level, or schedule of levels, within canister 10. 
Temperature sensing within canister interior 30 em- 
ploys a thermocouple 36 . Through a furnace temper- 
ature control 38, electric power to heaters 12 and 28 
is controlled and scheduled as desired. 

The partially sectional, fragmentary view of Fig- 
ure 2 is taken along line 2-2 of Figure 1. This figure, 
in which the meaning of the reference numerals co- 
incide with those of Figure 1, shows the shaping die 
18, the die extension 20 and the die heater 28. Each 
of these elements has an airfoil shaped cross section 
in Figure 2, which corresponds with the shape of air- 
foil article 40, in Figure 1. However, it is to be under- 
stood that these cross sections may assume any de- 
sired shape as may be necessary for the intended re- 
pair. An extension is being grown on the airfoil article 
40 at solidification interface 42 in Figure 1. -However,- 
it should be understood that any shapes or assem- 
blies of shapes can be used for such members, de- 



pending on the shap of the article being extended 
and the desired shape of the extension. 

In one of the evaluations of the present inv ntion, 
a gas turbine engin turbine blade, of th general type 
5 shown diagrammatically in Figure 3, was used. Such 

a blade i ncluded a base shown generally at 44, an jair- 

foil^nown generail^t^6~and^blad^tip~487Trie^ 
blade had a hollow interior for air cooling with cooling 
holes or passages such as 50 communicating with 

10 the hollow, generally labyrinthine, interior. Because 
such a blade had a directionally solidified microstruc- 
ture, including a crystal structure as elongated multi- 
ple grains, repair of damage to tip 48 is difficult if such 
microstructure is to be continued into the repair. The 

15 present invention enables growth on the blade tip of 
an extension having a microstructure of crystal struc- 
ture and metallurgical structure grown from and com- 
patible with the parent blade tip. In this evaluation, it 
was desired to repair the tip portion 48 of the airfoil 

20 46 of Figure 3 axially outwardly from broken line 52. 
The material from which such blade was cast was a 
nickel base superalloy having a nominal composition, 
in weight percent, of 6.15% Al, 6.35% Ta, 4.9% W, 
2.8% Re. 12% Co, 6.8% Cr, 1 .5% Hf, with the balance 

25 Ni, selected minor alloy additions and incidental im- 
purities. The microstructure of such cast blade was di- 
rectionally oriented multiple elongated grains. 

Another, though similar, nickel base superalloy 
was placed in melt crucible 14, Figure 1, within can- 

30 ister 10 which was then sealed. The nickel base su- 
peralloy in melt crucible 14 had a nominal composi- 
tion, in weight percent of 6.7% A). 6,2% Ta, 2% Re, 
10.5% Co, 16% Cr, 1.6% Hf, with the balance Ni, se- 
lected minor alloy additions and incidental impurities. 

35 The superalloy was melted by resistance heater 12- 
at a temperature in the range of about 2790 to 2905°F 
under a low-oxygen argon atmosphere. With the di 
assembly 16, including shaping die 18 and die exten- 
sion 20, in position as shown in Figure 1 , t he melt was 

40 pressurized by introducing argon under pressure 
through fluid pressure inlet tube 32. At a pressure of 
about 48 inches H 2 0, the melt was moved upwardly 
in die extension 20 into shaping die 18. About 50.5 in- 
ches H 2 0 was a pressure sufficient to move melt 26 

45 into contact with blade tip 48 where it was held for 
about 4 minutes. During that period, blade tip 48 in- 
teracted with melt 26 by melting back to solidification 
interface 42, Figure 1, also shown as broken line 52, 
Figure 3. Furthermore, the blade tip 48 acted as an 

so oriented growth seed for melt 26 in die 1 8. Then airfoil 
article 40 and article end or blade tip 48 was with- 
drawn by moving upwardly, as shown by arrow 54 , 
Figure 1 , at a rate of about 0.2 inches per minute. This 
allowed blade tip 48 to solidify in die 18 and grow an 

55 extension having th same directionally solidified 
— multiple elongated grain crystal -structure as airfoil- 
blad tip 48. The extension was continuous and inte- 
gral with the blad tip. Withdrawal and directional sol- 
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idrf ication was continued until an extension of about 
0.4" was provid d in the same configuration and 
crystal structure orientation as blade tip 48. 

During this process, die heater 28 was used to 
control the temperature in die assembly 16 and the 
position of solidification interface 42. Further control 
bfthe solidifying interface 
a chill in that location, not shown, as is well known and 
widely used in the directional solidification casting 
art Such a chill can provide as steep a thermal gra- 
dient as is desired for selected solidification and mi- 
crostructure growth. 

Because the die assembly was made of alumina, 
the variation of melt depth across the airfoil shaped 
cross section of the die assembly was observed to be 
that as would be expected in a non-wetting system. 
This enabled positioning of the growth seed blade tip 
portion in the die so that contact with the entire tip, 
from leading to trailing edge, was accomplished. 

As was presented in the example above, the 
composition of the blade tip alloy was different from 
that of the alloy of the extension grown on the tip from 
the melt. However, the two compositions were select- 
ed so that the crystal structure of the extension would 
grow integral with and continuous from that of the 
blade tip representing the body portion for the exten- 
sion. This mode of growth is sometimes termed epi- 
taxial growth. In the context of the present invention, 
this is generally a necessary condition for compatibil- 
ity between the alloy of the blade tip (or body portion) 
and that of the extension. Compatibility generally im- 
plies that neither alloy adversely affect the other, 
whether by contamination, liquid metal embrittlement, 
formation of brittle phases at the interface, or other- 
wise. Compatibility may also imply some limitation on 
discontinuities in mechanical and physical properties 
and metallurgical structure between the blade tip and 
the extension. Ultimately, compatibility must be 
measured by performance. If extensions of one alloy 
can be repeatably grown on articles of another alloy, 
if the article with an extension grown thereon is ame- 
nable to subsequent manufacturing operations, and if 
the finished article performs satisfactorily in service, 
then it must be concluded that the two alloys are com- 
patible, exceptions to the preceding generalities not- 
withstanding. The same considerations apply to sac- 
rificial additions. As used herein, the phrase "molten 
material compatible with ..." is taken to mean a ma- 
terial or alloy that meets the preceding standard for 
compatibility, present in its liquid form. 

The article generated from practice of this inven- 
tion included a body portion, for example, the parent 
blade tip having a first crystal structure in the above 
example, directionally oriented elongated multiple 
grains, and a first m tallurgicaJ structure based on 
Jhe alloy.composition of the body portion. Integra! and 
continuous with th body portion was an extension 
having a second crystal structure as a continuati n of 
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and compatible with the first crystal structure of the 
body portion and having a second metallurgical struc- 
ture matched and compatible with, but distinguish- 
abl from, the first metallurgical structure of the body. 
The interface p rtion between the body and the ex- 
tension is different fr om that obtained by the prior art 
method df dif fusion bonding~together matched, sep- 
arately generated, distinct members. The principal 
distinction between the present invention and the pri- 
or art lies at the interface. In the present invention the 
extension is grown epitaxially by laying down one lay- 
er of atoms after another from the liquid material se- 
lected for the extension onto the surface of the body. 
Thus, the crystal structure is continuous across the 
interface. The process of the present invention fur- 
ther allows the secondary grain orientation to be 
grown, unlike the prior art interface bonding techni- 
ques for which such secondary grain orientation is dif- 
ficult to match in the transverse direction. The epitax- 
ial grown region or repaired area thus matches the 
original metallurgical grain structure or orientation of 
the article not only in the primary, but also the sec- 
ondary, direction. The advantage over current repair 
methods which have equiaxed grains at the interface 
and in the repaired area is significant in terms of 
mechanical and metallurgical properties since the 
metallurgical grain structure of the original article 
does not match the extension or repaired area by us 
of prior art methods. Even where different alloys are 
selected for the body and extension, there will gener- 
ally be a gradation in metallurgical structure in the in- 
terface region as a result of rapid mixing of atomic 
species in the liquid adjacent to the solidified struc- 
ture. Even though the prior art method is practiced 
with great care, there is a high likelihood of local sur- 
face irregularities and small misalignments between 
the body and a separate extension that may result in 
some sort of low angle boundary between the two 
parts. Likewise, there is a high likelihood that contam- 
inating matter on either part will become trapped in 
the interface, thereby weakening the joint. 

The preceding example demonstrated that con- 
trolled growth of extensions, of the type that would be 
required in airfoil blade tip repair, with the same 
cross-section as the parent airfoil, can be accom- 
plished. Although this example included only one end - 
or tip extension, it should be understood thatthe pres- 
ent invention can be expanded to include the concur- 
rent repair of multiple article ends such as blade tips. 
The present invention may also be used for repair of 
other single crystal and directionally oriented articles, 
such as turbine nozzles, shrouds and vanes. 

From this example it was concluded that the 
crystal structure of the extension should be substan- 
tially the same as that of the existing article. How- 
ever, it was unexpectedly found that considerable va- 
riation in metallurgical structure, notably alloy compo- 
sition, between the extension and existing article is 
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permissible, and may even be preferable in some 
cases. 

As a result of th practice of the present inven- 
tion, the airfoil 46 of Figure 3 includes an extension 
56, Figure 4, from broken line 52 at which it was de- 
sired to provide a repair. As seen in the fragmentary, 
diagranunatic vrewof : Figurer4rusingairfoir46"as"a~ 
growth seed results in extension 56 having a compat- 
ible microstructure, in this example including multiple 
elongated grains, as a continuation of and integral 
with that of the parent airfoil. 

Another form of the tip portion of a gas turbine 
engine air cooled blade is shown in the fragmentary 
view of Figure 5 and the sectional view of Figure 6 tak- 
en along line 6-6 of Figure 5. Sometimes this type of 
tip is referred to as a "squealer tip" because under 
certain operating conditions it can interfere with or 
rub on an opposing member to approach a zero clear- . 
ahce condition. As a result of such interference, per- 
ipheral rim 58, Figures 5 and 6, of airfoil 60 can be 
abraded or damaged. Even without such a rub con- 
dition, airborne particles and oxidation, over a period 
of operation, can abrade and contribute to the dam- 
age of rim 58. The method of the present invention 
can be used to repair such damage by providing an 
extension in the manner described in the above ex- 
ample. However, when rim 58 is narrow or damage 
extends close to shelf 62, interaction of rim 58, such 
as melt back in melt 26 in Figure 1, should be limited 
and carefully controlled in order to avoid damage to 
shelf 62. One form of the method of the present in- 
vention provides use of a sacrificial addition carried 
by rim 58 at 64 in Figure 7. The edge or surface 66 of 
rim 58 in Figure 7 is represented to be eroded, dam- 
aged and in need of repair. 

Sacrificial addition 64 need not have the same 
microstructure as the blade tip, for example, elongat- 
ed multiple grains or a single crystal. All that is re- 
quired is that it be attached to rim 58 and be of a ma- 
terial which is compatible with that of melt 26. For ex- 
ample, if melt 26 is a nickel base superalloy, addition 
64 can be Ni, a Ni base alloy having elements which 
will not dilute or substantially change the composition 
of melt 26, an alloy of one of the alloying elements of 
_ melt 26, etc. A ddition 64 can be applied by a variety 
of methods well known in the art, including flame 
spraying, electro-deposition, diffusion bonding of a 
preformed member, etc. Also, because the sacrificial 
addition 64 will be melted away in melt 26 during prac- 
tice of the method of this invention, the shape of ad- 
dition 64 can be any convenient one: it can be shaped 
as an extension of rim 58 as shown in Figure 7, it can 
be a shim, sheet or foil carried by rim 58, etc. The 
melting away of addition 64 by melt 26 exposes at 
least th surface microstructure of rim 58 to m It 26 
enabling such surfac to act as a growth, seed, ac- 
cording to this invention. Use of a sacrificial addition 
64 facilitates the proper positioning of airfoil article 40 



in Figure 1 so that when an article such as airfoil 60 
in Figures 5, 6 and 7 is being repaired, the m It back 
line 68 in Figure 7 is located away from rather than at 
or in sh If 62. Without such sacrificial addition, it 
might be required, in order to achieve complet con- 
tact of and interaction with melt 26, to m It back rim 



58-fntosRe!f62: — " ~ — 

The presentation of Figures 8, 9 and 10, which 
are diagrammatically in section, show a sequence of 
10 the practice of the method of the present invention in 
a surrounding shaping die (not shown) as in Figure 1 , 
in relation to repair of an article having a hollow inter- 
ior. For example, such interior can be the labyrinthin 
passages 70 in an air cooled turbine blade. For con- 
15 venience, some of the reference numerals are the 
same as have been used previously herein. Figure 8 
shows rim 58 in contact with and partially melted back 
by melt 26 from previous rim edge 66 shown in phan- 
tom. In Figure 9, melt back has continued further into 
20 rim 58 to melt backline 68* suff icientforthe remaining 
portion of rim 58 to act as a growth seed for melt 26. 
Then airfoil 60 is moved upwardly, as shown by arrow 
54 in Figure 10, while in contact with melt 26 until ex- 
tension 56, delineated by broken line 72, is grown on 
25 rim 58 by solidification above melt line 68 which be- 
comes solidification interface 42, as described 
above. If blade extension 56 is solid in some part, ad- 
ditional holes can be drilled therein to allow air egress 
or external communication with the hollow interior, as 
30 desired. For example, such holes can be generated 
by drilling with laser, electrochemical or electro dis- 
charge methods well known and widely used in the 
art of material removal. 

One evaluation of the present invention used an 
35 air cooled turbine blade of the type shown in Figures 
5, 6 and 7, and which had been exposed to gas turbine 
type operating conditions. The blade was manufac- 
tured from the same nickel base superalloy as in the 
previous example. This alloy includes in its composi- 
40 tion Al and Hf, which when exposed to high tempera- 
ture oxidizing conditions form stable surface oxides. 
Such alloying elements, and occasionally yttrium, are 
commonly used in nickel base superalloys from which 
turbine blades are manufactured. Therefore, the ex- 
45 posed surfaces of air cooling passages or holes, such 
as holes 74 in Figures 5, 6 and 7, were coated with 
surface oxides which were found not to interact with 
or melt in the molten material such as melt 26. Be- 
cause such surfaces were oxides, they act as non- 
50 wetting molds. In this example, melt back was allowed 
to proceed into the blade material in which the holes 
were generated. Unexpectedly, very few of the holes 
were filled when contacted by melt 26, which had th 
same composition as the extension material of the 
55 previous exampl , and their integrity was maintain d. 
- Howev r, in order to-avoid such non-wetting-action 
from affecting other portions of the blade tip which 
are intended to interact with the molten repair mate- 
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rial, pre-treatment to remov oxides, coatings, etc., 
such as mechanical or chemical surface treatment, 
can be used to facilitate articl xtension growth. In 
one form of the method of the present invention the 
fluid pressure applied to the melt is sel cted to be 
adequate to mo v th e melt into the shaping member 



"blif less"ttmFTfhat required to^rbrce the meirintcffhe" 
oxide coated holes. Such pressure limit is a function 
of the size of the holes. 

The present invention relates to using an article 10 
or member as a directionally oriented growth seed for 
providing on an end of the member a distinguishable 
extension having a microstructure matched with that 
of the member. Such an extension is provided from a 
molten material which is compatible or matched with 15 
the material of the growth seed so that the extension 
is integral with the member and has a microstructure 
continuous with that of the member. However, as dis- 
cussed above, the composition of the member and of 
the molten material, and hence the extension grown 20 
therefrom, need not be identical. Selection of the mol- 
ten material, for example to provide the extension 
with enhanced environmental resistance, is based on 
the tolerable degree of crystal structure mismatch be- 
tween the member, acting as a growth seed, and the 25 
extension, grown from the molten material. The rate 
of movement of the article end, acting as the growth 
seed, from the molten material is a function at least 
of the fluid pressure applied, the temperature of the 
melt, the thermal gradient at the solidifying interface 30 
and the rate of solidification and growth of the exten- 
sion. 

It is contemplated by the method of this invention 
t hat if a molten material has a melting point lower t han 
that of the article end acting as a growth seed, inter- 35 
action between the molten material and growth seed 
need not include complete melting of the growth seed 
article end. All that is necessary is that a condition ex- 
ist at the interface to allow crystal structure growth 
across the interface and into the molten material. 40 

The present invention has been described in con- 
nection with specific examples and embodiments, in- 
cluding those presented in the drawings. It should be 
understood, however, that these are intended to be 
representative of and not limiting on the scope of the 45 
present invention included within the appended 
claims. 



providing an extension on an article hav- 
ing an end of selected shap and selected direc- 
tionally oriented microstructure, using th end of 
the article as the growth seed in the molten ma- 
terial to provide the extension int gral with and 
havi ng a micro structure compatible with th se- 



C I alms 



50 



In a method wherein a growth seed of selected 
metallurgical structure and selected crystal 
structure is used to initiate growth of a member 
having a microstructure compatible with that of 55 
-the growth seed, from a molten mat rial compat- 
ible with the selected s ed metallurgical struc- 
ture, th step of: 



I cted directionally oriented microstructure . 

2. The method of claim 1 in which the end of the ar- 
ticle has an airfoil shape and is made of a nickel 
base superalloy. 

3. The method of claim 1 in which a sacrificial addi- 
tion of a material which is compatible with the 
molten material, is secured with the end of the ar- 
ticle prior to using the end of the article as the 
growth seed, and the sacrificial addition is melted 
in the molten material to expose the end of the ar- 
ticle to the molten material. 

4. In a method for using a seed of selected metal- 
lurgical structure and of selected crystal struc- 
ture to initiate growth of a member having a mi- 
crostructure compatible with that of the seed, in 
which method there is provided a molten material 
compatible with the selected metallurgical struc- 
ture of the seed, and a shaping member having 
a wall defining a shaping opening therethrough 
disposed in communication with the molten ma- 
terial, the improved combination of steps, for pro- 
viding an extension of an end of an article having 
an end directionally oriented microstructure, of: 

applying fluid pressure to the molten ma- 
terial to move the molten material into the shap- 
ing opening while, 

using the end of the article as a direction- 
ally oriented microstructure growth seed by hold- 
ing the end of the article in contact with the mol- 
ten material in the shaping opening for a time suf- 
ficient for a portion of the end of the article to in- 
teract with the molten material; and then, with the 
fluid pressure applied, 

withdrawing the end of the article through 
the shaping opening at a rate which allows the 
molten material to directionally solidify in th 
shaping opening on the portion of the end of the 
article as an extension of and integral with the 
portion of the end of the article and with a micro- 
structure compatible with the end directionally 
oriented microstructure. 

5. The method of claim 4 in which: 

the shaping opening is in a die including a 
die extension having a wall defining an extension 
hollow interior disposed between and in commu- 

- nication with th molten material and the shaping 
opening; 

th fluid pressure moves the molt nmate- 
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rial into the ext nsion hollow interior; and 

the end of the article is held through at 
leasta portion of the shaping opening and in con- 
tact with the molten material in the extension hol- 
low interior. 



6. "Thentiethod^rclaim^irai^ 

step, prior to using the article and as the growth 
seed, of securing with the article end a sacrificial 
addition which is compatible with and will melt in 10 
the molten material to expose a portion of the ar- 
ticle end to the molten material. 



end a sacrificial addition of a material which is 
compatible with and will melt in the molten mate-, 
rial to xpose a surface of the articl to the mol- 
ten material. 

10. The method of claim 8 in which the directionally 
oriented crystal structure of the article end sub- 
stantially is a single crystal. 

11. The method of claim 8 for providing an extension 
on an end of an alloy article having an outer 
cross-sectional shape, a directionally oriented 
microstructure, a hollow interior, and at least one 
passage defined by a wall through the article end 
communicating with the hollow interior, wherein: 

the molten material is an alloy; and 
the fluid pressure is applied by a gas. 

12. In a method for repairing an airfoil shaped tip por- 
tion of a damaged article, the tip portion having 
a directionally oriented microstructure of a select- 
ed alloy, the steps of: 

providing a molten material compatible 
with the selected alloy; 

disposing the molten material in a shaping 
member matched to the airfoil shape; 

holding the tip portion in contact with the 
molten material for a time sufficient for the tip 
portion to interact with the molten material; and 
then 

withdrawing the tip portion through th 
shaping member at a rate which allows the mol- 
ten material to solidify in the shaping member as 
an extension of and integral with the tip portion 
and with a microstructure compatible with the di- 
rectionally oriented microstructure of the tip por- 
tion. 

13. An article comprising: 

a body portion having a directionally ori- 
ented first crystal structure and a first metallurg- 
ical structure; and 

an extension integral with an end of the 
body portion, the extension having a directionally 
oriented second crystal structure compatible with 
and extending continuous with the body first 
crystal structure, and a second metallurgical 
structure compatible with and metallurgical^ dis- 
tinguishable from the body first metallurgical 
structure. 

14. The article of claim 13 wherein both the body por- 
tion and the extension are of airfoil shape. 

15. The article of claim 14 in the form of a turboma- 
chinery-blading member comprising a-base and- 
an airfoil as the body portion carried by the base, 
th airfoil including an integral airfoil tip portion 



7. The method of claim 4 in which: 

the article end is a superalloy; 
the molten material is a superalloy metal- 
lurgical^ compatible with superalloy of the article 
end; and, 

the fluid pressure is applied by a gas. 



15 



20 



8. In a method for providing an extension on an end 
of an article having an outer cross-sectional 
shape and a directionally oriented microstruc- 
ture, the combination of steps of: 

providing a molten material compatible 25 
with the article; 

providing a die having an internal wall de- 
fining a die opening therethrough matched in 
cross-section with the article outer cross- 
sectional shape; 30 

providing a die extension having a hollow 
interior defined by an extension wall disposed be- 
tween and in communication with the die internal 
wall on a first extension end and with the molten 
material on a second extension end; 35 

applying fluid pressure to the molten ma- 
terial to force the molten material into the die ex- 
tension hollow interior through the second exten- 
sion end; 

passing the article end through at least a 40 
portion of the die opening and into contact with 
the molten material; 

holding the article end in contact with the 
molten material for a time sufficient for a portion 
of the article end to interact with the molten ma- 45 
terial as a directionally oriented microstructure 
growth seed; and then, 

withdrawing the article end through the 
die opening at a rate which allows the molten ma- 
terial to directionally solidify in the die opening on so 
the growth seed as an extension of and integral 
with the article end and with a crystal structure 
substantially continuous with the article direc- 
tionally oriented microstructure. 

55 

9.. The method of claim 8 including th additional 
step, prior to passing th article end through th 
die opening portion of securing with th article 
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as the ext nsion, remote from the base. 

16. The article of claim 15 wherein: 

the airfoil is a nickel base superalloy; and 
the integral extension is a nickel base al- 
loy.. : 



17. The article of claim 16 in which the airfoil has a 
crystal structure of directionally oriented multiple 
elongated grains and the extension has a crystal 10 
structure of directionally oriented multiple elon- 
gated grains substantially continuous with those 

of the airfoil. 

18. The article of claim 16 in which the airfoil has a 15 
crystal structure of a single crystal and the exten- 
sion has a crystal structure as a single crystal 
substantially continuous with that of the airfoil. 

19. The article of claim 13 wherein the body portion 20 
is a turbine shroud. 

20. The article of claim 13 wherein the body portion 
is a turbine nozzle. 

25 

21. The article of claim 13 wherein the body portion 
is an airfoil vane. 
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